This paper was performed to experimentally studied the heat transfer over the horizontal tube with conical fins for different fin spacings and different inclination angles. The air entering the test section first contacts the large surface of the conical fin. Therefore, the conical fin both directs the air towards the heating surface and increases the heat transfer surface area. The experiments were conducted for three different inclination angles (45º, 60º and 80º) and three different fin spacings (10, 12 and 15 mm). Water and air were used as hot and cold fluid in these experiments, respectively. The temperature of water, which was the heating fluid, was kept fixed at 65 °C. The cold fluid entered the test section at eight different air flow velocities (2 -20 m/s). The experimental results indicated that the Nusselt number at each inclination angle for the 10-mm fin spacing was almost the same. Moreover, for the 15-mm fin spacing, the highest Nusselt number was obtained at 80º and lowest at 60º for Re > 5x10 4 , while the Nusselt number was almost the same at each inclination angle for Re < 5x10 4 . It was determined that the lowest pressure drop was obtained at 80º for both 10 and 15 mm.
D r a f t D r a f t
Introduction
The most effective method for increasing the efficiency of heat exchangers is to improve the heat transfer coefficients on the hot and cold fluid side. In order to increase the heat transfer coefficient, different enhancement techniques are used, both active and passive. Petracci et al. (2016) (2016) experimentally studied the steady state laminar flow and transition flow heat transfer performance of two types of wavy fin heat exchangers with different Reynolds numbers on both air and water sides. Peng et al. (2016) numerically and experimentally investigated the thermos-hydraulic performances of an internally finned tube with innovative wave fin arrays. Dong et al. (2016) presented an efficient and low resistant circumferential overlap trisection helical baffle shell-and-tube heat exchanger with folded baffles (cothHXf). KhoshvaghtAliabadi (2016) studied the effects of vortex-generator (VG) and Cu/water nanofluid flow on performance of plate -fin heat exchangers. His results indicated that the VG channel is more effective than the nanofluid on the performance of plate-fin heat exchangers. Behfard and Sohankar (2016) performed a numerical simulation to investigate the heat transfer and pressure drop characteristics of three-row inline tube bundles as a part of a heat exchanger. Ahmed et al. (2015) carried out numerical and experimental investigation to study the laminar heat transfer and fluid flow characteristics in an equilateral triangular duct using combined D r a f t vortex generator and nanofluids. They found that both numerical and experimental results show a good enhancement in heat transfer by using vortex generator with base fluid. Tian et al. (2015) performed three-dimensional numerical simulations to investigate the flow and heat transfer characteristics of the plain fin with multi-row delta winglets punched out from the fin. Kiatpachai et al. (2015) investigated the effect of fin pitches on the air-side performance of serrated welded spiral fin-and-tube heat exchangers having z-shape flow arrangement and the number of tube rows of 2 in range of high Reynolds number (4000 -15,000).
The aim of the study is to study the effect of conical fins on heat transfer enhancement.
Unlike other studies in the literature, conical fins are used in this study instead of traditional circular fins. Because they increase both the heat transfer area and extend the residence time of air flow in the heating tube. Moreover, conical fins that are an enhancement mechanism have an effect to accelerate the boundary layer separation.
Experimental design
The experimental design is shown in Fig. 1 . In this experimental design, the air was directed to the air channel by an adjustable speed fan. The channel length before the test section is long to obtain a fully developed flow at the entrance to the test section. That is, experimental measurements were made at the points where the flow reached fully developed conditions. The measurement of mass flow of the air at the entrance and exit of body was determined by a propeller -type flow meter. The air flow velocity was adjusted by the fan.
The entrance and exit temperatures of air were quantified by T-type copper-constant thermocouples. The air temperatures of the fin bottom (T s ) and between the fins (T ∞ ) were measured by the same type thermocouples at distances of 15, 45 and 75 cm from the entrance of 900 mm-long finned heating tube. Detailed temperature measurement points are shown in The heating tube with conical fins was exposed to a cross air-flow in the external body.
Experimental studies were conducted at eight different air flow velocities (2-20 m/s). All measurements were recorded by using software, PLC.
The uncertainties of the measured values are as follows: temperature for air is ± 0.5 °C, heating tube diameter is ±2 mm, pressure difference for air is ± 0.16 mbar, velocity for air is ±0.2 m/s, pressure for water is ± 0.2 mbar, temperature for water is ± 0.1 °C and water flow is
Also, the uncertainties of the calculated values were determined by using Moffat (1988) .
The uncertainty of Reynolds number was obtained as % ± 7.41 and the uncertainty of the Nusselt number was obtained as % ± 7.43.
Mathematical Formulation
As the external body was well insulated, the heat loss to surroundings was found very small. Therefore, the following equation can be written:
in which
and
The convection heat transfer can be written as follows
where A ୲୭୲ୟ୪ is the total heat transfer surface area on the circular tube with conical fins.
in which A ୱ is the surface area of the tube between two fins and η ୧୬ represents the fin efficiency. Moreover, n specifies the number of fins.
The heat transfer coefficient is expressed as
The Nusselt number can written as follows
Reynolds number is written as
This experimental study investigated cross-flow over a heating tube with a conical fin configuration. The heated fluid (air) flows between the conical fins. Therefore, as in the case of cross-flow over tube banks, maximum velocity is also defined in this study:
in which V max is the maximum velocity (velocity between two fins) and A p is the area of section vertical to the direction of flow between to fins.
Heat transfer effectiveness (ɛ) is defined as follows Çengel (2006)
The energy equation gives
The maximum heat transfer is expressed as
The heat transfer effectiveness is
where U is the total heat transfer coefficient (in W/m 2°C ), while NTU is the number of transfer units.
Results and discussion
The experiments were performed at cross flow arrangements for three different inclination It is seen in Fig. 4 that the experimental results of this study are in good agreement, ± 13.8 % compared to the correlation of the effectiveness of cross-flow heat exchangers. Figure 5 shows the effect of the different fin spacings and Reynolds number on the Nusselt number for α = 80º.
As seen in Fig. 5 , the Nusselt number increases with the increment of Reynolds number for all fin spacins. In addition, the best fin spacing for α = 80º is determined to be 15-mm in terms of heat transfer. However, the difference between the Nusselt numbers of 15 mm and those of 10 and 12 mm increase for Re ˃ 5x10 the actual case which lessens due to reduced surface temperature and ideal case (maximum heat transfer) lead to such a decrease of fin efficiency. In other words, the more air velocity causes the lower surface temperature due to the enhanced heat transfer coefficient and lower fin efficiency. As seen in Fig. 7 , the highest fin efficiency for α = 80º is at p/D= 0.37. Figure 8 shows the change of effectiveness (ɛ) with NTU for (a) α = 80º (b) α = 45º.
As seen in Fig. 8 , effectiveness (ɛ) increases with NTU for α = 80º and α = 45º. In addition, both at α = 80º and at α = 45º, effectiveness of all the p/D ratios are almost the same up to NTU= 1, while the discrepancy between them is explicit for NTU ˃ 1. For p/D = 0.37, Nusselt numbers of 45º, 60º and 80º are almost the same (Fig. 9a) .
However, for p/D = 0.56, Nusselt numbers of α = 45º and α = 80º are almost the same up to Re = 5x10 4 , while Nusselt numbers of α = 80º for Re ˃ 5x10 4 are higher than the other inclination angles (Fig. 9b) . Moreover, as seen in Fig. 10a As seen in Fig. 11a , while the effectiveness of all the inclination angles up to NTU= 1 are almost the same, the difference between their effectiveness is obvious for NTU ˃ 1.
Moreover, according to Fig. 11b , the effectiveness of α = 60º up to NTU= 0.7 is the lowest, while the effectiveness of all the inclination angles for 0.7 ˂ NTU ˂ 1 are almost the same.
For NTU ˃ 1, the effectiveness of α = 80º is the highest. As seen in Fig.12a and 12b , As ೌೣ increases, the effectiveness decreases. For p/D = 0.37, this decrease is almost the same at all inclination angles (Fig.12a) . However, for p/D = 0.56,
The decrease in α = 60º is more than that of α = 45º and α = 80º (Fig.12b) .
Conclusions
The conclusions obtained in this study are summarized below.
1.
For α = 80º, the best fin spacing in terms of heat transfer is 15 mm. 
